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The retina, optic nerves, chiasm, tracts, lateral ge- 
niculate nuclei, geniculocalcarine radiations, cal- 
carine cortices, visual associational areas, and re- 
lated iiiterhemispheral connections comprise the 
primary visual-sensory system in man. This special- 
ized afferent sys m I >sscs at right angles to the 
major ascending sensory and descending motor sys- 
tems of the cerebral hemispheres (Fig 4-1), and in 
its anterior portion, it is intimately related to the 
vascular and bony structures at the base of the 
brain. As such, the visual pathways have great 
localizing value in neurologic diagnosis. The domi- 
nant role of vision in man may be expressed mathe- 
matically by compannr t i< nt 11b r of n ve fibei 
in an optic nerve (approximately 1.2 million) with 
neurons in the cochlear "division of an acoustic 
nerve (approximately 31,000) (1); therefore, the 
ratio of afferent neurons in She peripheral visual 
apparatus to the number in' the aural system is 
roughly 40: J. 

FUNCTIONAL ORGANIZATION 
RUTIN" A 

Functional organ izat t tl sensory sys- 

tem begins at th< retina lew f'he < nip lex vertical 
and horizenfa m of letinal elements, 



p items 1 ' ) ytd de- 

tails of visual signal propagation are beyond the 
scope of this pr< sei .si u re idei is refened 
to the excellent paper of Dowling (2). and the 
lucid review of control of retinal sensitivity by 
Werblin (3). 

The distribution of visual function across the 
retina is not uniform but takes a pattern of concen- 
tric zones increasing in sensitivity toward the cen- 
ter, the fovea. Ultimately, retinal sensitivity is dic- 
tated by the cytoarchitecture of the percipient 
elements, which at the fo\ consist of a "rod-free" 
centra! bouquet of 100,000 slender cones. The en- 
tire posterior aspect of the retina is dominated by 
the foveal and parafoveal ne s\ tern which occu- 
pies an area approximately 1.5 mm in diameter. 
The ganglion cells subserving the central cone sys- 
tem send axons directly to the temporal aspect of 
the optic disc, forming the papiliomacular bundle. 
This "direct access route" is not encroached on 
' i ' < iginatin in the temporal retina, 
which must curve above and below the papiliomac- 
ular bundle, forming dense arcuate bands (Fig 4- 
2). 

0sterberg (4) studied the arrangement of rods 
and cones in the human retina and found a skewed 
distribution with rod and cone densities greater in 
the superonasal retina than in the mferoternporal 
portion. Van Buren (5) performed ganglion cell 
counts which demonstrated the same eccentric pat- 
tern, especially in the one-cell layer which reached 
nearly twice as far on the nasal side of the fovea as 
on the temporal. This asymmetric distribution of 
retinal elements is reflected in the asymmetry of 
nasal vs temporal field and accounts for the relative 
foreshortening of the nasal field (6). 

Although it has previously been considered that 
nerve fibers arising from peripheral retinal ganglion 
cells occupy a more superficial position in the nerve 
fiber layer, Ogden (7) has demonstrated that nerve 
fibers intermingle freely along the intraretinal 
it 1 >reua bundl v rogation of fibus 
to bring those from the far retinal periphery to the 
periphery of the nerve and those from nearer the 
disc to an axial location must occur at the disc edge 
or more posteriorly. 

orac disc 

The optic disc is the exit site of all retinal ganglion- 
cell axons, collectively termed the nerve fiber layer. 
The disc (alternatively, nerve head or papilla) is 
I< 1 ' 1 1 t > . . ' > ' < i i tod i fit sen's 
a 1.5 x 2.0 mm hiatus in the sclera, choroid, 
retinal pigmen j . 1 1 1 m retina proper 

There are no pi « . > it clem i ; i tin disc, which 




is projected in visual space as an absolute scotoma, 
the blind spot of Mariotte. 

OPTIC NERVE 

The structure of the optic nerve head in primates 
has been admirably brought up to date by Ander- 
son (8-12). As the nerve fibers turn sharply to 
if plain c i r, collected into 

fascicles and supported by glial columns composed 
rin ril >i a , Fig 1-3) 1 he axons then 
exit the globi > ing througl sievelike por- 
tion of scleta, t 1 i > i bi t. Just pot it 
the lamina, the n r 1 i s >t > c i i \elmated and 
the diameter of the nerve enlarges to 3 to 4 mm. In 
the retrolamin:! poi on if iin iptie nerve, oligo- 
the interstitial 

cells and are responsible foi (he formation of mye- 
lin sheaths around visual axon In peripheral 
nerves the Schwann i '.!■ ■ -rve this function. There- 
fore, the optic nerve is really a white-matter tract 



of the brain rather than a peripheral nerve. The 
orbital and intracanalicular portions of the optic 
nerve contain a well-developed septal system de- 
rived from pia mater, which extends at right angles 
into the substance of the nerve dividing it into 
parallel columns of variable size. Astrocytes are 
intimately related to the pial septa and play a role 
in the support and nutrition of axons. 

At a point approximately 1 cm posterior to the 
globe, a major branch of the ophthalmic artery 
] < i 1 • ! p ot the dura! sheath of the 

pti ei am i axial position and emerges on 
the surface of the disc as the central retinal artery. 
For the most part, the central retinal artery does 
not contribute to the blood supply of the laminar 
and prelaminar portion of the nerve head, This 
area i& supplied h , <i u .-it pktt ciasiomotic arte- 
1 (2 I i 1 v mtrib itioro from 

the posterior ci uteri put! at ferial network, 

> I I t | .ill it <» f ij 4 4) Hit a ton th< 
blood supply of the nerve head itself is primarily 
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Fig 4-2. Retinal nerve fiber layer pattern. The 
dense temporal arcuate fiber bundles (solid 
arrows) are most easily seen. Nasal fibers (open 
arrows) take a more direct radial course. The 
papillomacular bundle (arrow heads) is most 
difficult to visualize. 



derived from choroidal and posterior ciliary ves- 
sels, while the retina is supplied by the central 
retinal artery (12, 13). 

The intraorbital segment of optic nerve is 25 to 
30 mm long, although the distance from the back 
of the globe to the orbital apex is only 20 mm. 
Therefore, in the rbil th pti icree has a l 
what redundant and sinuous course which may be 
related to free movement of the globe. At the orbi- 
tal apex the nerve enters the bony optic canal, 
surrounded by the origins of the superior, medial, 
and inferior recti muscle (tin o i lit mini , >l 
Zinn). The optic canal forms an angle of approxi- 
mately 35° with the midsaggit i < i i run 
posteromedian^ and i; 4 to'lo mm in length (Fig 4- 
5). Along with ibe opt ner the . tnal transmits 
! - ■ ! • ' . branches ol he carotid sym- 
pathetic pltxi. tl e intracra- 
nial meninges which form the sheaths of the nerve, 
In the optic canal, the dura of the nerve and peri- 
osteum of the bom re fuse d. but the subarachnoid 
space communicates with the intracranial, sab- 
ajathnoid an on (ah i fluid The 
rare occurrence of free \\ te i '.trutanial sub- 
arac! noid ait into t rb 1 port is of o 
nerves has been reported (14). The optic nerves 
leave their canal I n verge at duasminthe 
ioor of the thii I vent i fl nerves ascend to- 



ward the chiasm at an angle of approximately 45° 
with the nasoti x u un 1 ne (Fig 4-6) and aver- 
age 17. i± 2.5 mm in length, such that the chiasm, 
itself sits IQ.7± 2.4 mm above the dorsum of the 
sella turcica (15). The relationship of the optic 
nerves and chiasm to the sellar area is exceedingly 
important and is discussed subsequently. 

CHIASM 

' i 1 ! ' ' 1 s < t , guous with the anteroinfe- 
rior floor of the third ventricle, and it measures 
approximately 8 mm from anterior to posterior 
notch, 12 mm across and 4 mm in height As the 
internal carotid arteries curve posteriorly and up- 
ward out of the cavernous sinuses, they lie immedi- 
ately below the optic nerves. The carotids then 
ascend venicdh < igsiet. 1 1 i <! aspects of the 
chiasm (Fig 4-1 ) The \ i m i i i 
of the anterior rebra! arteries tr< closeh related 
to the superior surface of the chiasm and optic 
nerves. Bergland et al (16, 17) have studied the 
anatomic van. t - t 1 t . i f tie. ehi 
well as its arterial supply, but it is difficult to draw 
conclusions regarding preferential vulnerability of 
one portion or another of the chiasm on the basis 
of blood supply. As a rule, when field defects are 
present due t< -it- iesiot , there Is major struc- 
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tural distortion, with el > stretching t» 
chiasm and nerves. The role of mechanical com- 
pression alone cannot be evaluated. The retinotopic 
projection of nerve fibers through the chiasm is 
discussed elsewhere. 



OPTIC TRACTS AND LATERAL 
GENICULATE NUCLEUS 

The optic tracts commence from the posterior 
aspect of the chiasm divcrg md 1 veep,] mieri 
orly around th d dut i>< u minute it 
the lateral get", ulatt mi lei fhese nuclei of the 
Mi.il tl v m.i 1 - • oc.ui . I p -tejior extrem- 
ities of the c u 'i 1 ire ween the hippo- 
campal gyri on the mesial aspects of die temporal 
lobes and the cerebral peduncles. Pupillomotor 
fibers leave the optic tracts anterior to the lateral 



geniculate bodies and gain the pretectal area via the 
brachium of the superior colliculus. 

The lateral geniculate body is the terminus for 
the afferent fibers of the anterior visual pathways. 
Here, crossed and uncrossed fibers are organised 
into alternating layers (Fig 4-7), and the final 
visual neurons originate, forming the geniculocal- 
carine radiations. 

VISUAL RADIATIONS 

The optic radiations (geniculocalcarine tract) fan 
laterally and inferiorly from, the lateral geniculate 
body, sweeping around the anterior aspect of the 
temporal horn of the lateral ventricles, and pass 
posteriori \ in a i ei the external 

sagittal striatum (Fig 4-1), The most antero- 
inferior fibers form a bend (Meyer's loop) which 




contains the projection of inferior retinal fibers and 
passes near or around the tip of the temporal ven- 
tricular horn. This configuration in the anterior 
portion of the radiations provides an explanation 
for the superior |u idrantanopic field defect pattern 
encountered in some temporal lobe lesions. 

Deep in tin t the optic ladiations lie 

just external to the trigone and occipital horn of the 
lateral ventrk 

latter to terminate in the mesial surface of the 
occipi I lobe, tin riau caiearim corto 

OCCIPITAL CORTEX 

The primary visual cortex (area 1?) lies in the 
interhemispheral fissure in relationship to the falx 
cerebri (Fig 4-8), However, the macular projection 
area may extend 1 to 2 era laterally onto the poste- 



rior surface of the occipital pole. The visual cortex 
extends anteriorly toward the spkniuro of the 
corpus callosum and is separated into a superior 
and inferior portion by the calcarine fissure. (See 
below and Figure 4-11.) 

VISUAL ASSOCIATION AREAS AND 
INTERHEMISPHERAL CONNECTIONS 

In order for the visual environment to be analyzed, 
recognized and interpreted, afferent information 
iiui' b »o v , h ■ iu \tsua 1 . 1 oci nu-nal 

areas. Area 18 (parastriate cortex) serves to inte- 
grate the two h . Ik • •. '.Is via a major 
interhernispheric comr i sural I 
verses the splentum of the corpus callosum. Thus, 
areas 17, 18, and 19 in one hemisphere are inter- 
connected to areas .17, 18, and 19 in the other. It is 




Fig 4-5. The optic canal. A. Anterior view of left orbital apex. Orbital end of optic canal 
is vertically ova! (black arrows) and separated from superior orbital fissure (open arrow) by 
optic strut. Note trausUlumlnated ethmoidal and sphenoidal air cells which form medial orbital 
wall and medial wall of optic canal. B. Posterior view of intracranial aspect of left optic canal 
lei i i it 1 est >S H (lateral rmtrgii 

of the canal and separates it from (he carotid artery. In this preparation the ethmoidal and 
sphenoidal air cells have been opened. AC, anterior clinoid; PL, planum. SPH. sphenoidal 
wing. C. I oin hie i i of optic canals fn upper diagram. Normal axial tomogram 
11 1 « 1 1-Nash DC: ( > .mas and pediatric neuroradiology. 

Radiol Clin North Am 10: S3, 1972.) 
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Pig 4-6. Relationships of the optic nerves (ON) 
and chiasm (X) to the seilar structures and 
third ventricle (3). C, anterior clinoid; D, dor- 
sum scllae: V, pituitary stand eila 



likely that area 18 participates in sensory-motor 
eye coordination via fronto-occipital pathways and 
perhaps is the site of origin of eortieomesence- 
phalic optometer pathways concerned with smooth 
pursuit t < ual targets 

Area 19 (peristriate cortex) accounts for the 
major lateral expanse of the occipital lobe and 
extends into the posterior parietal and temporal 
lobes. Area 19 is ei ■ parietal center for the 
integration of visual information. 



RETINOTOPIC ORGANIZATION 

Visual space is represented on the retina in a direct 
point-to-point relationship. Because of the optical 
system of the eye, the superior visual field is pro- 
jected onto inferior retina and the nasal field onto 
temporal retina. In general, this inverted relation- 
ship holds true throughout the visual system, in- 
cluding optic nerves and chiasm, radiations, and 
cortex. 

The "retinotopic" projection of visual fibers 
through the 4iit v i ■ su I'j itlnsas , h , 
fully mapped by Hoyt et al (18-20) utilizing retinal 
photocoagulation and axonal-degeneration staining 
techniques. Much of the foHowing discussion is 
derived fn m that work 

The vast majorin ol visual fibers in tin nerve: 
and chiasm are derived from the large population 
of retinal "midget" ganglion ceils (Polyak) sub- 
serving maculai vision. Potts et al (21) have ana- 
lyzed the axonal population in the primate optic 
nerve with special reference to fovea! outflow. 
Those authors found the total number of optic 
nerve fibers in man to be 1.1 to 1.3 million per 
nerve. They confirmed the high density of small 




HltUS 



im tAfgRAL GENtCUfATE NUCtEUS 
-Mid- Coronal Section, anterior - 
Fig 4-7. Corona! section of lateral geniculate nucleus. Note 
extensive macular representation. 



fibers in the area of the optic nerve known to carry 
macular fibers and noted loss of these small-caliber 
fibers following foveal photocoagulation in the 
monkey. Therefore, both anatomically and func- 
tionally the optic nerves and chiasm may be con- 
sidered macular projection structures <Fig 4-9). 
The larger caliber, peripheral retinal axons subserv- 
ing extramacular visual space tend to be distributed 
toward the periphery of the optic nerve, but inter- 
mingling of fibers without strict boundaries is the 
rule. Fibers that originate in the inferior retina 
remain inferior in the nerve and chiasm. The prob- 
able retinotopic organization of visual fibers in the 
optic nerves, chiasm, and tracts is demonstrated in 
Figure 4-10. 

The arrangement of visual axons becomes con- 
siderably more complex in the lateral geniculate 
body, where a patten of cellnl.ai layers is seen (Fig 
4-7). The extent of maci la . p c en! it c n in hu 
mans has been well documented by Kupfer (22), 
Focal vasculai iesn ns of the geniculate bodies are 
only rarely recognized; this may be attributed to a 
dual blood supply via the anterior choroidal branch 
of the middle cercl \ t he thalaroogenk 

ul ate branches of the posterior cerebral and lateral 
choroidal arteries. 

As the geniculocalcarine radiations begin, the 
inferior retinal fiber projection (superior field) 
takes an indirect and variable course for a short 
distance anteriorly around the tip of the temporal 
horn of the lateral ventricle, forming Meyer's loop. 
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Right (MfM uf , Hw.MieW 



Fig 4-8, Location of visual cortex primarily in mterhemispJieral fissure. Lateral extension as 
illustrated is variable. Point F* corresponds to central fixation point F in contralateral fk-iil 
Peri , Mi Presented in rostra! portion of cortex, P'. S, spiemum of corpus 

callosum. 



In the parietal ratidradiations, superior peripheral 
> s > nil vui jf! stp tated from inferior pe~ 
ripheral fibers by the mass of macular-projection 
fibers. Further details of the distribution of fibers iit 
the visual radiations may be found in the works of 
Spalding (23) and Van Buren and Baldwin (24). 

The current! t q < t t . i 

projection of th i i « tli occipital cortex 
is attributable primarily to the British neurologist 
Holmes (25), who studied visual field defects fol- 
lowing head injuries in Wo Id Wat I Spaffling also 
took advantage of material that accrued during 
World War fl by examining visual field defects 
oj.nut * ' m < ilout |,'k 'it > i iu jr it ii< > 
(26). The representation of the visual field in the 
occipital cortex as modtli .1 iron the work of 
Hoi nes and Spa Mil - im in Figure 4- 1 

1 ogntphi 'tii he h man primary 
visual co! un t ,> 1 , , ( ; ; Asth regard to 
the area, distribution, and variability of the striate 



cortex on the surface and within the fissures of the 
occipital lobe. The following conclusions may be 
drawn: only approximately one third of the striate 
cortex is on the surface of the occipital lobe, the 
major portion lying buried in the calcarine fissure, 
its branches, and accessory sulci; as a rule, only a 
small portion (average 3', ,,t *<,tai area) of striate 
cortex is exposed on the posterolateral aspect of 
the occipital pole; the area of striate cortex below 
the calcarine fissure is greater than that located 
above (approximately 3:2), and the inferior gyrus 
extends 1 to 2 cm more anteriorly; the horizontal 
it of tt i>ua! corli i riaWk but usually 
measures appi -it y 5 cm I i nole to anterior 
I i s variation in 
both area and general configuration when paired 
visual cortices from the same brain are compared. 

Because of tl met 1 nomic varia- 

tions in visual cortices, no finite point-to-point retj- 
notopic representation can be applied to the occipi- 
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Fag 4-9. Representation of the macular (central field) 
projection in the anterior visual pathway!,. The majority 
of afferent visual fibers arc related to the papillomacular 
bundle, which m I - i, t . 1 ; 1L ld and com- 

prises the central cure of she optic nerve. Note that the 
c »»> in i, t i « . Hensive area of 

the median bar of the chiasm. 



fal lobe. Brmdley (28) has reported the effects of 
electrode stimulation in the human visual cortex 
(as an attempt at visual prosthesis) in terms of 
evoked phosphates in the visual field. Results are 
generally consistent with the established visual map 
of Holmes-Spalding, and no major amendments arte 
required. 

Regarding the reli a u r< gamzattoi) o! u 

visual cortex, the following points deserve empha- 
sis: (1) the macular field (including the fovea! 
fixations] area) is repo-env! mm th unilaterally; 

i ! ntral porti f field i presented in the 
caudal cortex, but the correspondence of field posi- 
tion (eg, 10°) with cortex locus (eg. J cm anterior 
to occipital pole) is unecrmm; {}) the horizontal 
meridian of the visual field is represented in the 
depth of the calcarine fissure; (4) the vertical me- 
ridian of the visual field is represented in the pe- 
riphery of the striate cortex; and (5) the unpaired 
monocular temporal crescent is represented in the 
most anterior aspect of the calcarine cortex. 



VASCULAR SUPPLY 

The vascular supply of the optic disc is derived 
principally from the incomplete arterial anasto- 
motic circle of Zinn-HaDer (Fig 4-4), which re- 




Fig 4-10, Retinotopic organization of visual fibers in the 
anterior visual pathways (after Hoyt). Diagram of 
hom< i roous r« i •> qu . i a 10 and their fiber projections, 
anterior aspect, it, inferior temporal; in, inferior nasal; 
SN, superior nasal; ST, superior temporal. Note the fol- 
lewine: the superior fibers retain a superior course, and 
the inferior fibers retain an inferior position; the anterior 
notch (1) is occupied by infcronasal (superior temporal 
field) fibers; the inferonasal fibers bend slightly into the 
contralateral nerve (2), the von Wilband knee; inferior 
homonymous fibers converge in the chiasm (3) but su- 
perior homonymous fibers converge beyond the chiasm 
in the tract (4); the posterior notch (5) is occupied by 
superior nasal (inferior temporal field) fibers, as well as 
macular fibers (cf Fig 4-9). 



ceives contributions from the posterior ciliary arte- 
ries, pial arterial plexus, and the peripapillary 
choroid. The latter also sends small arterioles di- 
rectly to the prelaminar * 1 ,e ••; Iviauee. The central 
retinal artery nourishes the retina but probably 
contributes ven c < nerve itself 

The intraorbital portion of the optic nerve is 
vascularized by perforating arteries derived from 
branches of the ophthalmic artery. In the optic 
canal and suprasellar space the nerve receives small 
pial branches of the internal carotid, anterior cere- 
bral, and anterior communicating arteries. 

The arterial up| I I n may be divided 
11 ', 1 i ' up oi vessels (17). 

The superb) gtoup 1 • , t ; 1 u It. pie small 
irancht from tl pr< mmun ng portions of 
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Fig 4-11. Occipital lobe and the corresponding projection of the visual field. A. Mesial aspect 
of left occipital lobe. The paste for p < is, flattened to illustrate the lateral surface 
11 • ["imil il i t 1 > 1 li • t i , >n of striate cortex onto 

the lateral surface of the occipital pole is variable. The calcarme fissure (C) separates the 
<» ! 11 n upper anil a . 1 [ hich also extends further 

forward owt d Ih • L tin n ( SP ■ i>l thi eotpio a'tlosum 1'hc risnal cortex is approximately 
' - J the macular projection (fine stipple) may occupy as much as 

till '1 I id ' ' I i I , IIP l .1 | I IK 1 pit. 

1 1 Htistiaied. B. The right hemifields. Note that the upper field is repre- 
1 1 > t > h , t , , i h> 

fit i Kid i . < ; i •..<>*> <o i i . 

temporal <uj 1 of the right eve extends to 90' as compared to the i t 1 60' limit of the left 
1 < in t c s represented only in the contralateral hemisphert 

' i ' u 1 ' < iriate cortex 
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the anterior cerebral arteries. These vessels supply 
she upper surface <• the c ptic nerves and tracts and 
the lateral portions of the chiasm. The inferior group 
of vf sels J- an extreiro id uut tomotic system 
designated as the superior hypophyseal arteries, de- 
rived from the internal carotids and posterior com- 
mun eatii g and p< sterior ccrcbi d arteries. 

Anterior thalamic perforating branches of the 
posterior cerebral artery supply the optic tract, 
while thalamogeniculate branches supply the lateral 
geniculate body. A branch of the middle cerebral 
artery, the anterior choroidal artery, also supplies 
the tract and lateral geniculate body. 

The initial portions of the visuai radiations may 
receive a branch of the middle cerebral artery, the 
deep optic artery, which passes through the puta- 
men to the internal capsule. Branches of the middle 
cerebral artery in the sylvian fissure (eg, the infe- 
rior temporo-i. > an i riably suppl; it 



11 

temporal radiati* i T i . st j < oi temporo-occipi- 
tal sylvian arts ; the ma I d supply of the 
posterior radiations and can anastomose with pos- 
terior cerebral vessels at the occipital pole, provid- 
ing ad 1 blood suppl) to the visual cortical 
convexity. This artei al conligtn ition has been used 
io explain macu p; g which characterizes 
some cortical hemianopsias. 

The posterior cerebral artery (PCA) courses 
around the midbrain between the cerebral peduncle 
and the hippocampal gyrus of the temporal lobe, 
th inferi pect of v ch is supj led by the ante- 
rior tempoi a! ai ei \ the iirst ortical branch of the 
J i * Hie remaining (hi majt i -a Deal branches 
of the PCA may all contribute to the visual cortex : 
the posterior temporal, calcarine, and parieto- 
occipital arteries (Fig 4-12). The blood supply of 
the striate cortex is usualb j i laril; b> the cal- 
carine artery, but branches of the other two afore- 



Fig 4-12. Blood supply of striate cortex. Medial surface of left occipital lobe with visuai cortex 
outlined by broken tine. Calcarine and parieto-occipital fissures are opened to show course of 
conical branches of posterior cerebral artery. Note potential triple supply to macular area, via 
the calcarine, posterior temporal, and middle cerebral arteries. (From Smith CO, Richardson 
WFG. : The course and distribution of the arteries supplying the visual (striate) cortex. Am J 
Ophthalmol 61:1391, 1966.) 



Floor- of Fox i.«feo- 
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mentioned ,<e$s , ommonh shaie this responsibil- 
ity and may account for preserved portions of field, 
' 11 im ' ' > ' e ca eat me artery 

occlusion (29). The terminal branches of the 
middle cerebral artery also supply the posterior 
aspect of the occipital pole. 



EXTRAGENICU!,0STRlA I E VISUAL 
SYSTEMS 

Jt is increasingly evident that, nonstriate visual sys- 
tems exist in an m; ! md almost surely in man. 
Retinoiopic organization of the visual field in the 
superior colliculus has been established in the 
monkey (30), relating that structure to visually 
guided behavior and eye movement. Cells of the 
monkey colliculus respond to moving stimuli within 
specific receptor fields, and stimulation of these 
collicular cells results in reciprocal saccadic eye 
movement toward the specific visual field area. 

The Interrelationship between the visual cortex 
and the superior colliculus is not yet clarified, but 
the visual acquisition of a target with accurate sac- 
cadic eye row men! y { it on collicu 
lar function. In essence it would appear that the 
tectum has distinctive functions in movement de- 
tection, stimulus location, and integration of eye 
movements with auditory, tactile, and visual 
stimuli. 

N tf u subjective visual phenomena have been 
recorded during subcortical (optic radiations and 
posterior hippocampus) (31) and brainstem (32) 
stimulation in man, as yet clinical application is 
uncertain. In patients cortically Mind for all other 
visual stimuli, the recognition of sudden changes in 
illumination ha j i ■ in ted (33 
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The pupil is a kinetic indicator of both ocular 
motor function and ilu special sensory apparatus, 
the retina, which it serves. The neural mecha- 
nisms thai control pupil size and reactivity are 
highly complex, yet they may be sampled and 
evaluated by simple clinical procedures. Pupillary 
function depends on the integrity of the structures 
along (be coursi of hi pupillomotor pall »ay (Fig 
1): (1) retinal receptors, (2) ganglion cell axons in 
the optic nerve, (3) chi. ,in nd t) opt ra by 

riot s i \ , n col U body) (5.) hrachium of 

the superior collkulus, (6) pretectal area of the 
mesencephalon. (?) the interconnecting neurons to 
pupilloconstrictor motor cells in the oculomotor 
nuclear complex, (8) the efferent parasympathetic 
outflow accompanying the third cranial nerve, and 
(9) the efferent sympathetic pathway from the 
hypothalamus to the pupillary dilator muscle. In 
addition, the size of the pupils is influenced by the 
intensity of retinal illumination, the near-effort 
reflex, the stale of retinal light adaptation, by 
supranucleot infhu i It rri th frontal and oc- 
cipital cortex above the pretectal area and from 
the reticular formation of the brain stem below. 

At a given moment, any or all of the above 
factor* ma\ mtki i_t pnpilla < uid reactivity 
It should be no wonder, then, thai in the awake 
State the pupil is rather constantly moving, a 
condition ol i n t rmed hippus. 

Ms iikuMi; h « «< t in pupil size has no 
pathologic significance; 1 although it is described in 



diverse conditions ranging from encephalitis to 
schizophrenia and from cataracts to hemorrhoids. 
Age affects both pupillary size and reactivity. 2 :< 
The pupil of the neonate is miotic but increases in 
size during the * , si >!, of life; from the second 
decade on, the pupil steadily becomes smallei 
(Fig. 2). Pupillary reactivity, at least to "long 1 " 
(3-second) light flashes, also seems related to age; 
the range of amp! ud >ft) id eflex declines 
with increasing age (Fig. 3). 

The pupil may be considered to have three 
major optic functions ( I ) to regulate the amount of 
light reaching the retina: (2) to diminish the chro- 
matic and spherical aberrations produced by the 
peripheral imperfections of the optical system of 
the cornea and lens; and (3) to increase depth of 
field (analogous to the f-stop setting of a camera). 

As pupillary size increases, so docs chromatic 
and spherical aberration. As pupillary size de- 
creases, light diffraction at the pupil edge becomes 
a more significant factor in reducing image quality; 
this geneialh ou!\ etgh ny ben 
induced increase in focal depth. In their experi- 
m nts t opt li spreai fun lion, Campbell 
and Gubisch' 1 found the optim J pupil diametei to 
be 2.4 mm; sautes and i. • ■•,■>> h fc-cts ha . at 
increasing effect with larger pupils. 



ANATOMICAL CONSIDERATIONS 

Mechanically, the diameter of the pupil is deter- 
mined by the antagonistic actions of the iris 
sphincter and dilator muscles, with the radially 
arranged dilator fibei s | i inor role, The 

sphincter, which can be seen in light or atrophic 
irides i ittached to contiguous iris tissues along 
its circumference. Rather than retracting toward 
one quadrant when severed or ruptured, the 
sphincter continues to function except in the al- 
tered segment. Therefore, with prudence, the 
pupillary reactions may be evaluated even in the 
presence of iris atrophy, traumatic rupture of the 
sphincter, or surgical eolobomas. 

LIGHT REFLEX PATHWAY 

The pupillary light reflex pathway may function- 
ill; be on dered tin re neuron an { ee lug. 1 i 
the afferent neurons from retinal ganglion cells to 
the pretectal a km an ntcu abud u-uron from the 
pretectal compk to the p; mj tthetk motoi 
pooltKimui \c 'ph.i it. 1' us f the oculomo- 
tor nuclear complex; and the parasympathetic 
outflow with the oculomotor nerve to the ciliary 
ganglion, and iron; there to the pupillary sphinc- 
ter. 



1 
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Fig I. Pupillary light reflex. Light in left eye {dotted arrow) 
stimulus alma / , / i ;: a -i! . «• /, / /, . 
Wnew) ascend optic nerve it >"■ is > - ti ■ i -r /'/ .. 
terminate in pretectal nuclear complex /?,V) i acta! geni ti 
late nucleus UG il , up llomotor fibers. 

1 he PI N tseonrt ' i.iv . 1 in ii sssd mtercala'ed 

In ' 1,1 . ' t ; i, l . n IK ii 
1 * " a rt. « i i , | | i , , , 

nuclear complex (cJ). Piej i ti n ; t i f ,thCK tih i 
ihemy dashed Una) leave ventral aspect of midbrain ft lie 

i t t ! I ( nervt vftei ti ipsi ig in h 

>- i»t t\ ■ tn .i ii -t in !i< m 1 tv innervate the 

pupil! ) ' v t uniocular light stimu 

1 in ii 'listrictton. Brain 

'iii P t 'i ostral to stipe- 
rit ieu st ! 



Considerable evidence exists that the visual 
cells of the retina, (i.e., the rods and cones) also 
seive as light t strolliru pupillomotor 

activity. For t - i npk pt >i I. n< ot light ihicsh- 
okis ollov tti tt fts in s tral sensitivity 
as visual flirt ' i the. state of 

light adaptafk • 'n. it ina iPurkinje shift). 
! ! tpillomofoi i nsitivif , of the t .>tina also parallels 
visual form sensitivity, which is highest at the 
fovea ml h vest t! phei In our present 
state of know kdj-c it en i ,t tin same afferent 
axons in the optic nerve transmit pupillomotor 
information to the pretectal area and visual infor- 
mation to the lateral ictilatt J ["'hat th 
dual function is accomplished by axonal bifurca- 
tion in the optic tract is suspected but unproved in 



humans. 5 Therefore, we may consider two inti- 
mately related systems: retinogeniculate for visual 
perception, and retinoi i • I the foi pupil- 
lomotor control. 

At the opt.. • ■ hlly mo e than one half 
of! he afferent axons in the optic nerve cross to the 
opposite optic tract, where they are mixed with 
noncrossing axons from the contralateral optie 
t < if t o .! ,i s <t, m, ,>ssed fibers is 
about 53:47 .« From Che chiasmal level posteriorly, 

Ifei t tal and pupillomotor it form ttion hum 
either eye is divided into crossed fibers (from nasal 
retinal receptors of the contralateral eye) and 
uncrossed fibers (from temporal retinal receptors 
of the ipsilateral eye). In the posterior aspect of 
the optic tract (pregeniculate), the pupillomotor 

raneht i it tlfet nf axot gain the pretectal 
nuclear area by transversing the brachium of the 
superior colliculus into the rostral midbrain. Inter- 
calated neurons interconnect to the Edinger- 
Westphal nuclei by crossing dorsal to the aque- 
duct in the posterioi c t 

ven (rally in the periaqueductal gray matter. This 
simplistic anatomical approach belies the true 
complexity of the neurophysiology and neuroanat- 
omy of the pre i i leai mplex The reader 
is referred to articles by Smith and co-workers 7 
Carpenter and Pie rs< t BenevenUi tnd associates 5 ' 
and Burde.' 0 

The organization of the oculomotor nuclear 
complex in the rostral mesencephalon (midbrain) 
is considered as depicted by Warwick in 1953" 
and Jampe! and Mindel in 1967. i* The anteromed- 
ian nucleus (Edinger-Westphal) is the source of 
special visceral efferent motor axons to the iris 
sphincter and ciliary musculature. This dorsal cell 
mass may be subdivided into a rostral portion 
i tot,, caudal portion 

the stimulation of which produces pupil constric- 
tion, and a midportion associated with both ac- 
commodation and constriction. According to the 
degeneration studies by Warwick, the ciliary gan- 
glion contains more cells for innervation of the 
ciliary muscles than for innervation of the iris 
sphincter (approximately 30:1). Presumably, that 
same ratio occurs in the i dingei Wcstphal nucle- 
us, 

From the parasympathetic nucleus, the pupil- 
lomotor and eihai bets fun if < inflow ot the 
oculomotor nuclei and exit from the substance of 
the midbrain with the oculomotor nerves in the 
interpeduncular space. According to Kerr and 
Hollowell, 1 ill pupillomoto iber: are superfi- 
cially located in the nerve, lymgjust internal to the 
epmeurium It is (hong! hut thi lerficial posi 
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fig 2. Pupiilars . c a darknc t»M , i ,s „ lt nu ioni ,ct pupil sto was used [(R 

I 1 ' ' k i I'ini t is ti in, t s t 

- - ) i ! h.1 ' . 1 V [ , . , , I pu M 

" < H » • 1 « i ! 10 age. In I - ' , I I RB ■ , , | 

pies a u i . t i i i > i' 1 ill t < \ 



tion makes the pupillomotor fibers especially vul- 
nerable to compression. However, in more ante- 
rior segments (e.g., the cavernous sinus), pupil- 
lomotor fibeis in < be prel < "i, il> spared even 
in the presence of total oculomotor palsy. ]t is 
likely that involvement or "sparing" of the pupil 
sphincter reflects the nature and acuteness of the 
injury rather than merely the portion of the third 
nerve that is compromised, 1 '' 

At approximately the level of the superior or- 
bital fissure, the oculomotor nerve divides into 
superior and if< rd slops' • it h parasympa- 
thetic fibers traveling in the latter to the ciliary 
ganglion via the branch to the inferior oblique 
muscle. Although the ciliary ganglion contains 
afferent sensot ibi nasoeifin nerve) and 
sympathetic libers to the vessels of the globe and 
dilator of the iris, only the parasympathetic fibers 
synapse here. The parasympathetic postganglionic 
fibers then pass to the globe via the short ciliary- 
nerves . 



The weight of anatomical evidence supports the 
view that (he parasympathetic pu| illomotor fibers 
synapse in the ciliary ganglion." However, some 
experimental studie i nk i sing horserad- 
ish peroxidase (HRP) techniques, suggest the 
presence of a nonsynapsing pathway between the 
midbrain and the eye."- n The latter view may be 
supported clinically by cases of preciliary 
ganglionic anisocoria with hypersensitivity to low- 
concentration parasympathetic agents. 1819 

he pref< a] pupilloregula >i mechanism is 
subject to a variety of supranuclear influences, 
which may be summarized as follows: (1) excita- 
tory, ret i nomese ncephalic (light stimulus) and 
occipitomesen phalic (nea efl< > md (2) inhib 
ot wan en phalic md hypothaiamo- 
mesencephalic pathways and the ascending 
reticulomesencephahc system, During sleep and 
obtunded st t 

fluences are diminished, with resultant miotic but 
reactive pupils. Arousal result s in mydriasis due to 
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PUPIL DUMPIER (AWKAW:, 



l-"ij> 3 ion > , , - ■ ,i i, . • 
U n j * i foi 

shot! flashes. Shaded area i/a/i 
bracket) is normal range for 3- 
-t'cmid Hashes; stippled area is 
normal range for 0.8-sccond flash- 
es. The rmnibeis above ihe ah 

, .' u- I lUi fx . ! • i i 
jecls pet age-group, Note early 

I 1 1 i 

age fur reactions to long h'gin 
(lashes. In contrast, rellexes cha- 
tted by short flashes show reia- 
tively flat, age curve. (Reprinted 

. ' i- it i I i t d , 

tie 

age. Ih Thompson HS, DaroffRB, 
E risen I cs i I i 
, • ■> 

timore, Williams A' WHM i- !«7V 
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the return of supranuclear inhibition, and 
sympathectomy does not eliminate this dilatation. 

OCULAR SYMPATHETIC PATHWAYS 

Sympathetic outflow to the iris dilator muscles 
begins in the posterolateral area of the hypothala- 
mus and descends uncrossed through the 
tegmentum of the midbrain and pons (Fig. 4). At 
the level of the medulla the sympathetics he knot 
ally, where they may he affected in lateral meduf 
i . Wallenberg's syn- 
drome). The descending libers, considered 
first-order preganglionic neurons, terminate in the 
intermediolateral cell column at the CS tcj. T2 cord 
level (the ciliospinai center of Budge). Second- 
order preg<inplu ni i < exit the cord primarily 
with the first ventral thoracic root i ll), but some 
pupillomotor sympathetics egress with C8 or T2. 
Via the white rami communicantes, ihe fibers 
entei the para ' , ; m pathetic chain, which 
is closely related to the pleura of the lung apex. At 
this tov.H.on the sunp ii' at >> ,, >. . i cKdbv 
neoplasms, (i.e., ihe Pancoasi's syndrome; see 
discussion of Horner's syndrome). 



The fibers detour with the ansa subclavia 
around the subclavian arteries, ascend without 
synapsing through the inferior and middle cervical 
ganglia, and terminate in the superior cervical 
ganglion at the base of the skull. Third-order 
postganglionic oculosyrnpaihctie fillers ascend the 
internal carotid to enter the skull, whereas fibers 
for sweat and ptloerection of the face follow the 
external carotid and its branches. 

The intracranial sympathetic* to the eye follow 
a circuitous course: (1) fibers to the tympanic 
plexus of the middle ear and petrous bone; (2) 
fibers temporarily joining the path of the 
intracavernous ahd cem nerve xToie anastomos- 
ing with the first division of the trigeminal nerve: 
(3) anastomoses with the ophthalmic-trigeminal 
(the primary pupillomotor pathway via the 
t ; scilias , nerve) nd (4) fibers to he ophthalmic 
artery and ocular motor nerves at the level of the 
cavernous sinus. Postganglionic sympathetics in- 
clude (1) orbital vasomotor fibers, (2) pupillary 
dilators, (3) smooth muscles of the upper and 
lower lids (MOiler). (4) lacrimal eland, and (5) 

phic libet I i v •>})( , , | 
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sympaOietks to the globe pass without synapse 
through the ciliary ganglion and short posterior 
li u • nt i v •< 



NEAR REFI.KX -VND H COMMOIVATION 

With accommodative effort, caused either by a 
blurred retinal image or conscious visual iixauon 

CO-88 



on a near object oi" regard, a "near synkinesis" is 
e vo k c cl inc lading (I) increased accommodation of 

eyes, and (3) pupillary constriction. The neural 
mechanisms of litis motor triad arc in no way as 
well understood as the pathways fbt papillary light 
reactions or the saccadic and pursuit ocular motor 
systems. It is hkcly that awareness of decreased 
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object distance evokes accommodative effort orig- 
inating in frontal centers; blurred retinal images 
are sensed in the occipital cortex and corrected via 
occipitotecial tracts > mipel obi tined increased 
bil.itetul dv.Lon .1)! > r, , u 

a!J\ miOMs b\ umi u ,| nu! f > 

perislriate cort (area 19 , m u i n idl i i i 
"center" for accommodative vergence is sug- 
1 i theoretical g um.b 1 ! ut ha> not vet 
been anatomically verified. However, the 
ante i.nr. dian ni . in} i \\ t >iphal) of the 

oculomotor complex in the rostral midbrain ha* 
been mapped si re >t ctie iih and may be di- 
vided functionally into n rostiat portion concerned 
with accommodation, a caudal portion that elicits 
papillary constriction, and a middle segment that, 
when stimulated, results in accommodation and 
constriction. 

The final pathway for pupil constriction, 
*heth< revoke light < iccoi noclative effort, 
consists of the > cul mho ... an e. . iliai \ ganglion, 
and short posterior ciliary nerves. The" ratio of 
ciliary ganglion cub nine i eating cthaiy muscle to 
cells innervating the iris sphincter is approxi- 
mately 30:1. 

Pupillary constriction evoked by the near reflex 
is not as easily evaluated as the light reaction. 
Accommodative vergence is under voluntary con- 
trol, and the success of tins maneuver is very 
much dependent on the patient's cooperation and 
capacity to converge. In the elderly, convergence 
is diminished and the near reflex is especially 
difficult to test. An accommodative target is help- 
ful, including the use of the patient's own finger- 
tips. Vision itself is not a requisite for the near 
response, which can be tested in the blind by 
proprioceptive "fixation" of the patient's finger- 
tips. Indeed, accommodation and convergence 
may be held in abeyance by substituting plus 
lenses and base-out prisms, without eliminating 
uipillai i trictio 

If pupillary reactions are brisk to light stimulus, 
the near react! -, ned. Howev- 

er, it is important for the student to learn this 
examination technique and to become acquainted 
with the limits of normality. The light and near 
efforts are additive, that is even with, the eye 
brightly illuminated, further pupillary constriction 
is observed when gaze is shifted from distance to 
near. Therefore, when testing the light reflex, gaze 
! o" i • - c mtrolled bv 

fixation em a distant target II la psif i hah to 
react to light, the eye may be fully illuminated 
while examining the near reflex. 



THE PATIENT WITH ABNORMAL PUPILS 

In office practice, patients present with relatively 
few isolated "pupil" pun |< mg j n lading the tonic 
pupil syndrome ph; ..... ogic a cidents sympa- 
thetic paresis (Horner's syndrome), pupillary 
light neai dissociation \rgyl! B >bertson pupils, 
and essential anisocoria (Table I). It is extremely 
unlikely that a patient with a posterior communi- 
cating aneurysm or other basal tumor will present 
with only an abnormal pupil and no ocular motor 
' »' > \ ' ' ' i e m is tetcned to 

the index, to these volumes to locate a more 
detailed discussion ol pm ill < lings with pos 
terior communicating artery aneurysms. Direct 
trauma to the anterior ocular segment, local dis- 
ease of the iris (e.g., cyst, melanoma, rubeosis, 
sphincter rupture, iritis), and angle-closure glau- 
coma are slit hag oses that need not be 
discussed here, other than to point out that such 
local iris lesions have been misinterpreted as neu- 
rologic deficits. 

RELATIVE AFFERENT PUPILLARY DEFECT 

When there is a significant unilateral or asymmet- 
ric visual deficit caused by retinal or optic nerve 
disease, the pupils will show a subnormal response 
to light stimulation of the eye with the greater field 
or (generally) acuity loss. The pupils \vill have a 
more extensive constriction response with light 
stimulation of the normal or less involved eye. It is 
this combination of subnormal direct pupillary 
light response and a normal indirect (consensual) 
response when the opposite eye is illuminated that 
constitutes the rela t fifi i pupillary defect 
(RAPD) (Fig. 5). The KAPD can be clinically 
demonstrated by the alternate cover test, also 
termed Gunn's pupillary text, as described by 
Kestenbaum, 22 or by the swinging flashlight test of 
Levatin. 23 

The swinging flashlight test is best performed in 
a dimly lighted room, using a bright light (see 
below) such as a muscle light or peniight. During 
the test, the patient must look at a distant fixation 
target to avoid accommodative miosis. 

The test light is shone directly into the visual 
i > to illuminate h> ic pupil and then the other. 
The alternating or swingii light I mid pause 3 to 
5 seconds in each eye, and this maneuver should 
be repeated several times. As a rule, the pupils are 
round and practically equal in diameter (see be- 
low, Essential Anisocoria) and briskly and sym- 
metrically reactive to light stimuli. After an initial, 
prompt pupil constriction, a slight "release" dila- 
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Kvscmial arosocswia Round, regular 



>v 1 1,1 to j .ii>i \ koo m .. < ,i I j. i Response to Pirn oio it 

and Near StowB is Greater Mydriati cs to Miotics Agents 



Tonic pupil syn- 
drome (Holmes- 
Adie syndrome) 



' bright light; 

palsy, vermi- 

Unilateral or, 
less often, bi- 
lateral 



Both brisk 
Both brisk 



No change Dilates Constricts Noma! ami arely needed 
Darkness Dilates Constricts Cocaine 4%, poor dilation 
Paredrine 1%, no dilation 
if third-order neuron 



I! to liaht. 
c iciiilatiori 



I ighl 



Dilates 



Constricts Pilocarpine 0.1% or 

0.125"% constricts; Me- 
cholvl 2.5% constricts 



Poor co light, 
better to near 
fixed to both) 



light, better No change 
No change 



Dilates Constricts 



Mid-dilated 
(6 ntm-7 mm), 
unilateral (rare- 
ly bilateral) 



U laic- l onsir; is 



ronic pupil ma; t . loll g pr< I ■ 4 i n liluminati «>,,,, |, | , 

i " it 

* 1 i-t Via , .1 S i i u, mail , , i, , , put t -la 

1 i I ,i i II ti i 



ttoo generally occurs. In the presence of, for 
example, a right afferent: defect (see Fig. 5). the 
following will be observed with the swinging flash- 
light test: the pupill i it ters \ II be equal and 
slightly large t bilaieralh when the right eye is 
siii flat id hi * itl! mailer when the normal 
left eye is illuminated. If only the pupil being 
illuminated is observed, the other pupil being 
hidden fa darkness;, the following is seen: the 
iptij on illumi- 
nation; as the light is rapidly moved to the right, 
the right pupil actually is seen to dilate or 
"escape"; as the light moves again to the left, the 

it pup i tin constricts briskly. 

Afferent pupillary defects may be conveniently 
quantitated h\ the use of neutral-density filters 
placed before the normal eye to "balance" or 



neutralize a po* >> tsymmett 11 in ing light 
test. 2 " Whether a dim, bright, or brilliant light is 
best suited for pupil light a action testing is some- 
what controversial 25 but an indirect ophthalmo- 
scope light set at 6 volts may be used as a handy 
"standardized" light source. Thompson and 
Jiang 26 stress he importance of voiding asym- 
metric retinal M « - maintai ling a rhythmic 
"equal time" alternation of the light from one eye 
to the other and b\ not s\ in >.-■■ the light too many 
times between ilic c c I liompson and others- 4 - 37 
provide letailed guidelines for proper perfor- 
i ill i i n md tss »ss 

ment of the RAPD. 

An affeieri pill lefvet may be assessed 
even if one of the pupils is unreactive. whether due 
to mydriatics, n i< lie; oeufomoii i palsy, trauma 
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lm 5 Sum m fi 11! s l i t! t » |ti.»! delta I he 
* > - • I i n.tl loss due to 

ischemic optic neuropath) . (-4) Pupils sie cqn.-il in dim light. <») 
Illumination of right eye us'- i , i si hilatstrat constric- 
tion. (C| When the liphf swings to the h-ft, there is more 
. Ot.isnc L,ih-t , •! n I >i I . 'i '. • i h hXht o ,oes 
back to the right, bath pupils dihie. 



(Fig. 6) or synechia! formation, in such cases, 
vhen pcrfot n j i Hid 1 

shred and eons al t spotts.es of the single 
reactive pupil must be compared. The reactive 
pupil - direct light espon.se reflects (he afferent 
function of the ipsitaterui eye: Us consensual re- 



sponse reflects the afferent function of the contra- 
lateral eye. 

It should be emphasized that even severe uni- 
lateral visual loss due to retinal or optic nerve 
diseases associated with an afferent pupillary de- 
fect, is not of itself a cause of anisocoria, despite 
pa s state tnents to the contrary. If a patient with a 
RAPD also shows anisocoria. the pupillary ine- 
quality must be treated as a separate finding. The 
RAPD most t\i liy provKi icctive evidence 
of optic nerve disease that is either unilateral or 
asymmetric, with more profound visual involve- 
ment on the side of the RAPD. In such cases the 
RAPD is not specific and may reflect optic 
neuropathy due to demyelination, ischemia, com- 
pression, or asymmetric glaucoma. 

1» - slightly ii ibcrs cross than remain 
uncrossed at the level of the chiasm, RAPD's may 
also be seen with optic tract lesions, where greater 
visual field loss occurs in one eye. An obvious 
example would be an optic tract lesion with a 
complete homonymous hemiaitopia. In such a 
case, a rclapw il n pupillary lefect would be 
expected in the eye with the temporal visual field 
loss (i.e.., the eye contralateral to the side of the 
optic tract lesion). » Theoretically the same kind of 
RAPD could be present without any associated 
visual field defect if there is a contralateral lesion 
affecting Ihe pu| l< to libers between the optic 
tract and pretectal region. The eye with the RAPD 
should have normal visual acuity, color vision, 
and visual field, and no other (occult) cause for the 
pupillar> defect (/.<•., no amblyopia, glaucoma, 
past optic neuritis). Ellis 29 has reported an afferent 
pupillary defect contralateral to a pineal region 
tumor, suggesting that this was due to involve- 
ment of afferent pupillary fibers between the optic 
tract and pretectal nucleus. Johnson and Bell have 
also documented a RAPD in a pretectal lesion due 
to a pineal gland mixed-cell tumor. 50 

RAPD can also be seen with diseases of the 
retina and macula. An extensive retinal detach- 
ment, for example, two quadrants detached, 
should cause an obvious RAPD, as will arterial 
occlusions. With unilateral or markedly asymmet- 
ric retinitis pigmentosa one should see a RAPD; 
however, usually the disease process is quite 
symmetric and thus a RAPD is typically not 
present. 31 The RAPD in general is proportional to 
the extent of visual held loss and, in fact, the size 
of the visual field defect is more closely correlated 
with the extent of the RAPD than is visual acuity 
los \ i ik trial mciiS e di e tsc leash to 
a much less profound afferent pupillary defect 
than the bulk of diseases affecting the optic 



